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[TITLE OF THE INVENTION] 
TEST STRIP 
[ABSTRACT] 

[OBJECT] To provide a test strip for measuring a 
particular component in a specimen, such as blood sugar, 
which makes it possible to significantly shorten the time 
required for the spreading of a specimen such as blood 
and has very high measurement accuracy. 

[MEANS FOR THE ACHIEVEMENT OF THE OBJECT] 

A test strip is composed of anisotropic porous 
membranes stacked one over the other as a first layer and 
a second layer, respectively. The first layer has a 
greater average pore size at a surface thereof on a 
specimen-supplying side than at a surface thereof which 
is in contact with the second layer. The second layer has 
a smaller average pore size at a surface thereof, which 
is in contact with the first layer, than at a surface 
thereof on a side where a particular component in the 
specimen is measured. 
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[CLAIMS] 

[Claim 1] A test strip composed of a porous first layer 
and a second layer stacked one over the other, said first 
layer carrying a reagent system that can react with a 
particular component in a specimen, said second layer 
having a function to filter off suspended matter in said 
specimen, said test strip being adapted to measure at 
said second layer said particular component in said 
specimen by supplying said specimen from said first layer 
characterized in that: 

said first layer is an anisotropic porous membrane, 
and has a greater average pore size at a surface thereof 
on a specimen-supplying side than at a surface thereof 
which is in contact with said second layer, and 

said second layer is an anisotropic porous membrane 
and has a smaller average pore size at a surface thereof, 
which is in contact with said first layer, than at a 
surface thereof on a side where said particular component 
in said specimen is measured. 

[Claim 2] The test strip according to claim 1, wherein 
said porous membrane as said first layer has an average 
pore size of from 3 to 10 ixm r a membrane thickness of 
from 50 to 200 ixm and a porosity of from 50 to 95%, and a 
ratio of an average pore size of said surface on said 



specimen-supplying side to an average pore size of said 
surface which is in contact with said second layer is 2.0 
or greater. 

[Claim 3) The test strip according to claim 1, wherein 
said porous membrane as said second layer has an average 
pore size of from 0 . 1 to 2 iim, a membrane thickness of 
from 50 to 200 iim and a porosity of from 50 to 90%, and a 
ratio of an average pore size of said surface on the side, 
where said particular component in said specimen is 
measured, to an average pore size of said surface, which 
is in contact with said first layer, is 1.5 or greater. 

[Claim 4] The test strip according to any one of claims 1 
to 3, wherein said first layer and said second layer are 
composed of a polyethersulf one . 

[Claim 5] The test strip according to any one of claims 1 
to 4, wherein said specimen is blood, and said filtered- 
off matter is primarily composed of blood cells 
comprising red blood cells. 

[Claim 6] The test strip according to any one of claims 1 
to 5, wherein said specimen is blood, and said specific 
component is glucose. 

[Claim 7] The test strip according to any one of claims 1 
to 6, wherein for hydrophilization, a hydrophilizing 
agent is contained in said first layer and/or said second 
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layer . 

[Claim 8] The test strip according to any one of claims 1 
to 7, wherein said reagent system which can react with 
said particular component in said specimen comprises at 
least one of a glucose-oxidase (GOD) -like enzyme, a 
peroxidase (POD) -like enzyme, an ascorbate-oxidase-like 
enzyme, an alcohol-oxidase-like enzyme and a cholesterol- 
oxidase-like enzyme, and at least one of 4- 
aminoantipyrine and N-ethyl-N- (2-hydroxy-3-sulf opropyl) - 
m-toluidine . 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF THE INVENTION] This invention relates to a test 
strip useful with an instrument for measuring the amount 
of a target component in a specimen, for example, such as 
a blood sugar measuring instrument (blood component 
measuring instrument) or in a component-measuring chip to 
be connected to the instrument. 

[0002] 

[PRIOR ART] Blood sugar measuring instruments (blood 
component measuring instruments) are known to perform the 
measurement of blood sugar levels. These blood sugar 
measuring instruments each optically measures the degree 
of a color development on a test strip, which develops a 
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color in proportion to the level of glucose in blood, 
(performs a color measurement) to quantitate the blood 
sugar level. In such a conventional blood sugar measuring 
instrument, the measurement of a color on a test strip is 
performed by irradiating light onto the test strip in a 
light measuring unit, which is equipped with a light- 
emitting element and a light-receiving element, and 
measuring the intensity of light reflected from the test 
strip. Such a blood sugar measuring instrument, however, 
requires to perform operations such that, after blood 
(specimen) is supplied to a test paper and is allowed 
spread over the test strip, the test strip is inserted 
into a space maintained under light-shielded conditions 
and a measurement of blood sugar level is then started. 
Accordingly, the blood sugar measuring instrument is 
accompanied by a drawback that it is inferior in 
operability, and moreover, involves a potential problem 
in that the time from the supply of blood to the test 
strip until the measurement of its color may not be 
constant to develop a measurement error. There is, hence, 
an outstanding desire for the development of an automated 
blood sugar measuring instrument which permits a series 
of operations, ranging from the supply and spreading of a 
specimen to and over a test strip to its measurement, in 
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a continuous and automated manner. 

[0003] Further, conventional test strips are each of the 
construction that a reagent system is carried on a single 
sheet of base material composed of a porous material that 
can absorb a specimen. As the diameters of pores in the 
sheet of base material are as small as 0 . 5 n m or so, this 
test strip involves a problem in that its water 
permeability, in other words, its ability to permit 
spreading (of a specimen) is low and hence, the spreading 
of the specimen takes time. It is disadvantageous 
especially for the automated blood sugar measuring 
instrument that the time required for the spreading of a 
specimen is long as mentioned above. 

[0004] As means for resolving such problems, Japanese 
Patent Laid-open No. Hei 11-183474 discloses: (1) a test 
strip composed of a first porous layer, which carries 
thereon a reagent system that reacts with a particular 
component in a specimen to develop a color, and a second 
porous layer, which has a function to filter off solid 
matter in the specimen, stacked one over the other such 
that the test strip is used by supplying the specimen 
from the side of the first layer, (2) the test strip as 
described above under (1), in which both of the first 
layer and the second layer have hydrophilicity , (3) the 
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test strip as described above under (1) or (2), in which 
the diameters of pores in the first layer are from 8 to 
50 urn, (4) the test strip as described above under any 
one of (1) to (3), in which the diameters of pores in the 
second layer are not greater than 5 urn, and (5) the test 
strip as described above under any one of (1) to (4), in 
which the specimen is blood and the solid matter is 
primarily composed of blood cells including red blood 
cells . 

[0005] The use of a test strip composed of separate 
layers, a first layer and a second layer, as described 
above is described to resolve the above-mentioned 
problems. However, the use of such a test strip is 
accompanied by problems as will be described hereinafter. 
A porous membrane as the first layer is required to have 
pores of a size sufficient to also permit permeation of 
blood cells such that blood (specimen) is allowed to 
promptly spread throughout the membrane and a component 
to be measured is caused to react with a reagent system 
carried on surfaces of a porous structure in the membrane 
to develop a color. It may, therefore, be contemplated to 
make the pore size greater because a greater pore size 
makes it possible to achieve faster spreading of blood. 
An unduly large pore size, however, provides the porous 
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material with a smaller surface area, leading to a 
reduction in the amount of a reagent system which can be 
carried on the surfaces. Especially when the 
concentration of a target substance in a specimen is high, 
the amount of the reagent system becomes insufficient 
compared with the amount of the target substance, thereby 
failing to perform any accurate measurement. 
[0006] The porous membrane as the second layer is 
required to permit the prompt spreading of a plasma 
component, which has reacted with the reagent system, 
over a measurement surface while filtering off blood 
cells. The smaller the pore size, the more effective for 
the f iltering-of f and elimination of blood cells. An 
excessively small pore size, however, leads to slower 
spreading of the plasma component. There is a method that 
makes the pore size large on an inlet side and small on 
an outlet side to eliminate blood cells while maintaining 
a spreading rate. When the elimination of blood cells is 
conducted immediately upstream of a measurement surface, 
however, hemoglobin as a blood cell component is visible 
through the porous structure to affect the accuracy of 
the measurement. 
[0007] 

[OBJECTS TO BE ACHIEVED] Objects of the present invention 
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is to provide a test strip for measuring a specific 
component in a specimen, which can significantly shorten 
the time required for the spreading of the specimen and 
has a very high measurement accuracy. 
[0008] 

[MEANS FOR ACHIEVING THE OBJECTS] These objects can be 
achieved by the present invention as will be described 
below . 

(1) This invention provides a test strip composed 
of a porous first layer and a second layer stacked one 
over the other, the first layer carrying a reagent system 
that can react with a particular component in a specimen, 
the second layer having a function to filter off 
suspended matter in the specimen, the test strip being 
adapted to measure at the second layer the particular 
component in the specimen by supplying the specimen from 
the first layer, characterized in that the first layer is 
an anisotropic porous membrane, and has a greater average 
pore size at a surface thereof on a specimen-supplying 
side than at a surface thereof which is in contact with 
the second layer, and the second layer is an anisotropic 
porous membrane, and has a smaller average pore size at a 
surface thereof, which is in contact with the first laye 
than at a surface thereof on a side where the particular 



component in the specimen is measured. 

[0009] (2) This invention also provides the test strip as 
described above under (1), wherein the porous membrane as 
the first layer has an average pore size of from 3 to 10 
/zm, a membrane thickness of from 50 to 200 ixm and a 
porosity of from 50 to 95%, and a ratio of an average 
pore size of the surface on the specimen-supplying side 
to an average pore size of the surface which is in 
contact with the second layer is 2.0 or greater. 

(3) This invention also provides the test strip as 
"described above under (1), wherein the porous membrane as 
the second layer has an average pore size of from 0.1 to 
2 Aim, a membrane thickness of from 50 to 200 /zm and a 
porosity of from 50 to 90%, and a ratio of an average 
pore size of the surface on the side, where the 
particular component in the specimen is measured, to an 
average pore size of the surface, which is in contact 
with the first layer, is 1.5 or greater. 

[0010] (4) This invention also provides the test strip as 
described above under any one of (1) to (3), wherein the 
first layer and the second layer are composed of a 
polyethersulf one . 

(5) This invention further provides the test strip 
as described above under any one of (1) to (4), wherein 



the specimen is blood, and the filtered-off matter is 
primarily composed of blood cells including red blood 
cells . 

(6) This invention further provides the test strip 
as described above under any one of (1) to (5) , wherein 
the specimen is blood, and the specific component is 
glucose . 

(7) This invention still further provides the test 
strip as described above under any one of (1) to (6), 
wherein for hydrophilization, a hydrophilizing agent is 
contained in the first layer and/or the second layer. 
[0011] (8) This invention still further provides the test 
strip as described above under any one of (1) to (7), 
wherein the reagent system which can react with the 
particular component in the specimen includes at least 
one of a glucose-oxidase (GOD) -like enzyme, a peroxidase 

(POD) -like enzyme, an ascorbate-oxidase-like enzyme, an 
alcohol-oxidase-like enzyme and a cholesterol-oxidase- 
like enzyme, and at least one of 4-aminoantipyrine and N- 
ethyl-N- ( 2-hydroxy-3-sulf opropyl ) -m-toluidine . 

[0012] 

[MODES FOR CARRYING OUT THE INVENTION] The test strip 
according to the present invention is composed of the 
first layer and the second layer stacked one over the 
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other. The first layer serves to supply the specimen from 
its open surface, and further, to react the specific 
component in the specimen with the reagent system that 
can react with the specific component, while the second 
layer serves to filter off the suspended matter in the 
specimen, and further, to measure at its open surface the 
specific component in the specimen. The first layer and 
second layer are principally equipped with the following 
constructions . 

[0013] The first layer is an anisotropic porous membrane, 
and has a greater average pore size at the surface 
thereof on the specimen-supplying side than at the 
surface thereof which is in contact with the second layer. 
The first layer is needed to accelerate the permeation 
and spreading of the specimen, to carry the reagent 
system in an amount as much as needed, and to provide a 
place where the reaction of the specimen with the reagent 
system takes place. The accelerate of the permeation of 
the specimen into the first layer can be achieved by 
making the pore size greater at the surface of the porous 
membrane making up the first layer, the surface being on 
the specimen-supplying side. However, an enlargement of 
the pore size throughout the membrane leads to a 
reduction in the surface area with which the specimen can 



be brought into contact, and therefore, to a reduction in 
the amount of the reagent system which can be carried. 
The adoption of an anisotropic structure that the pore 
size is enlarged on the side where the specimen is 
supplied and the pore size is reduced on the other side, 
therefore, has made it possible to accelerate the 
permeation and spreading of the specimen, to carry the 
reagent system in an amount as much as needed, and also 
to provide a place where the reaction of the specimen 
with the reagent system takes place. As a consequence, a 
prompt and accurate measurement has become feasible. 
[0014] As a specific structure of the anisotropic porous 
membrane as the first layer, its average pore size may be 
from 3 to 10 jum, desirably from 3 to 7 fim, more 
desirably from 3 to 5 /zm, and the ratio of the average 
pore size of the surface, onto which the specimen is 
supplied, to the average pore size of the surface, which 
is brought into contact with the second layer, may be 2 . 0 
or greater, desirably 3.0 or greater, more desirably 4.0 
or greater. 

[0015] The membrane thickness of the first layer may be 
from 50 to 200 /zm, desirably from 70 to 180 ixia, more 
desirably from 80 to 150 izm, although no particular 
limitation is imposed thereon. Because, a membrane 



thickness smaller than 50 tim results in insufficient 
membrane strength, while a membrane thickness greater 
than 200 /zm requires an excessively long time for the 
spreading of a specimen. 

[0016] The porosity of the first layer may be from 50 to 
95%, desirably from 60 to 90%, more desirably from 70 to 
88%, although no particular limitation is imposed thereon. 
A porosity lower than 50% leads to a failure in absorbing 
and spreading a specimen in an amount as much as needed, 
while a porosity higher than 95% leads to insufficient 
membrane strength. 

[0017] Examples of a polymer usable as a membrane 
material for the first layer include nitrocellulose, 
polyvinyl difluoride, cellulose acetate, polysulf ones , 
polyethersulf ones, and polyethylene. Especially when a 
reagent system is carried for use in measuring a blood 
sugar level, a polyethersulf one can be suitably used as 
the activity of the reagent system is deteriorated least 
with time. 

[0018] Examples of the reagent system which can be 
carried on the first layer include enzyme preparations of 
glucose-oxidase (GOD) -like enzymes, peroxidase (POD) -like 
enzymes , ascorbate-oxidase-like enzymes , alcohol-oxidase- 
like enzymes, and cholesterol-oxidase-like enzymes; and 



color developers such as 4-aminoantipyrine and N-ethyl-N- 
(2-hydroxy-3-sulfopropyl) -m-toluidine . It is to be noted 
that these reagents can be carried either singly or in 
combination on the test strip. The carrying method can 
include, but is not limited to, a method which includes 
dissolving such a reagent system in a buffer, such as 
phosphate buffer, or water, impregnating the first layer 
with the thus-prepared solution, and then drying the 
impregnated first layer. 

[0019] The second layer is an anisotropic porous membrane, 
and has a smaller average pore size at the surface which 
is in contact with the first layer than at the surface on 
the side where the specific component in the specimen is 
measured. The second layer is required to filter off 
suspended matter such as blood cells and also to cause 
prompt spreading of the specific component such as a 
plasma component, which has reacted with the reagent 
system, to the open surface. The filtering off and 
elimination of suspended matter such as blood cells can 
be achieved by making the pore size smaller. However, an 
excessively small pore size leads to slow spreading of 
the specific component such as the plasma component. 
There is also a method which, while maintaining a 
spreading rate, eliminates suspended matter such as blood 
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cells by making the pore size greater at the surface 
which is in contact with the first layer and smaller at 
the surface on the side where the measurement is 
performed. The filtering off and elimination of the 
suspended matter is, however, conducted in the proximity 
of the surface on the side where the specific component 
is measured. Accordingly, hemoglobin as a blood cell 
component is visible through the porous structure to 
affect the accuracy of the measurement. 

[0020] It is, therefore, possible to exactly perform the 
filtering off and elimination of suspended matter such as 
blood cells and also to improve the spreading rate of a 
specific component such as a plasma component to the 
surface on the side, where the measurement is performed 
and the accuracy of measurement, by forming an 
anisotropic structure that the pore size is made smaller 
at the surface, which is in contact with the first layer, 
and greater at the opposite surface. 

[0021] As a specific structure of the anisotropic porous 
membrane as the second layer, its average pore size may 
be from 0 . 1 to 2 /zm, desirably from 0.3 to 1.6 /zm, more 
desirably from 0.5 to 1.3 /xm, and the ratio of the 
average pore size of the surface on the side, where the 
specific component in the specimen is measured, to the 



average pore size of the surface, which is in contact 
with the first layer, may be 1.5 or greater, desirably 
2.0 or greater, more desirably 2.3 or greater. 
[0022] The thickness of the second layer may be from 50 
to 200 /zm, desirably from 70 to 180 /im, more desirably 
from 80 to 150 una, although no particular limitation is 
imposed thereon. Because, a membrane thickness smaller 
than 50 Aim results in insufficient membrane strength, 
while a membrane thickness greater than 200 »m requires 
an excessively long time for the spreading of a specimen. 
[0023] The porosity of the second layer may be from 50 to 
95%, desirably from 70 to 90%, more desirably from 75 to 
85%, although no particular limitation is imposed thereon. 
Because a porosity lower than 50% leads to a failure in 
absorbing and spreading a specimen in an amount as much 
as needed, while a porosity higher than 95% leads to 
insufficient membrane strength. 

[0024] Examples of a polymer usable as a membrane 
material for the second layer include nitrocellulose, 
polyvinyl difluoride, cellulose acetate, polysulf ones, 
polyethersulfones, and polyethylene. Especially when a 
reagent system is carried for use in measuring a blood 
sugar level, a polyethersulf one can be suitably used as 
the activity of the reagent system is deteriorated least 
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with time. 

[0025] Concerning the first layer and second layer, it is 
desired to produce it by impregnating it with an aqueous 
solution with a reagent system dissolved therein, and for 
the prompt supply and spreading of a specimen, it is also 
desired to incorporate a hydrophilizing agent, to form 
the anisotropic porous membrane with a material having 
hydrophilicity, or to apply hydrophilization processing. 
Examples of the hydrophilizing agent include surfactants 
such as "TRITON X-100", water-soluble silicones, 
hydroxypropylcellulose, polyethylene glycol, and 
polypropylene glycol. Examples of the hydrophilization 
processing include plasma processing, glow discharge, 
corona discharge, and ultraviolet exposure. 
[0026] No particular limitation is imposed on the 
production method of the first layer and the second layer 
and they can be obtained by wet film-forming, dry film- 
forming, melt film-forming, or the like. As a specific 
example, a method can be mentioned which includes coating 
a polymer solution as a membrane material out into a 
film-like form and removing the solvent component to dry 
the membrane material. 

[0027] No particular limitation is imposed either on the 
stacking method of the first layer and second layer. As 



an illustrative method, the first and second layers may 
be simply stacked one over the other and may then be 
fixed together along the circumferences thereof, or the 
first and second layers may be bonded together with an 
adhesive or may be fusion-bonded with each other. 
[0028] It is to be noted that the test strip according to 
the present invention is used by inserting it into a chip 
which can be detachably mounted on an instrument for 
measuring a particular component in a specimen or into a 
measuring instrument itself. Examples of the measuring 
instrument include instruments for quantitatively or 
qualitatively measuring the sugar, cholesterol, fat and 
the like in blood or the sugar, proteins, occult blood 
and the like in urine. 
[0029] 

[Examples] Specific examples of the present invention 
will hereinafter be described. As Examples 1 to 7, 
Comparative Examples 1 to 2 and Comparative Examples 6 to 
8, anisotropic porous membranes for use as the first and 
second layers of the examples and comparative examples 
were formed under the conditions to be described 
hereinafter. (In each of the examples and comparative 
examples), the film-forming solution shown in Table 1 was 
firstly supplied in the form of a line on a substrate 
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(glass plate) by a 50 mL syringe, and was then spread 
over the glass plate by an applicator with a 125 p gap- 
The glass plate with the film-forming solution spread 
thereon was immersed in a solidification medium composed 
of a 70% aqueous solution of N-methyl-2-pyrrolidone (NMP) 
prepared at the temperature shown in Table 2, and the 
polymer component as the membrane material was caused to 
deposit. Subsequently, the solvent component and the 
water-soluble additive component were extracted out in a 
water bath, followed by drying in an oven of 40°C to 
obtain a porous membrane. 

[0030] In Comparative Examples 3 to 5 and Comparative 
Examples 9 to 10, commercially-available nitrated 
polyethersulfone membranes and polyethersulf one membranes 
(both, products of Pall Gelman Sciences Inc.) were used, 
respectively . 
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[0031] 
[Table 1] 

Table 1 Compositions of Film- forming Solutions 



Film-forming solution for the first layer 




Polyethersulf one 

("SUMIKAEXEL 7300P", product of Sumitomo Chemical Co., Ltd.) 


10 wt% 


Polyvinylpyrrolidone 

( "BASF POLYVINYLPYRROLIDONE K-90", product of BASF Corporation) 


5 wt% 


N-Methyl-2-pyrrolidone 
(product of BASF Corporation) 


85 wt% 


Film-forming solution for the second layer 




Polyethersulf one 

( " S UM I KAEXEL 7300P", product of Sumitomo Chemical Co., Ltd.) 


15 wt% 


Polyvinylpyrrolidone 

("BASF POLYVINYLPYRROLIDONE K-90", product of BASF Corporation) 


7.5 wt% 


N-Me thy 1-2 -pyrrol idone 
(product of BASF Corporation) 


77.5 wt% 



[0032] 
[Table 2] 

Table 2 Film-forming Solidification Temperature 





Temperature of solidification medium ( C) 


First layer 


Comparative Example 1 


25 


Example 1 


30 


Example 2 


35 


Example 3 


40 


Comparative Example 2 


45 


Second layer 


Comparative Example 6 


25 


Example 4 


30 


Example 5 


35 


Example 6 


40 


Example 7 


45 


Comparative Example 7 


50 


Comparative Example 8 


55 
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[0033] Various physical properties of the anisotropic 
porous membranes of the respective examples and 
comparative examples are shown in Table 3 and Table 4. 
The average pore size of the porous membrane of each 
example or comparative example was measured by capillary 
flow porometry in accordance with ASTM F316-86. As a 
measuring instrument, "PALM POROSIMETER" (manufactured by 
Porous Materials Inc.) was used. Concerning the average 
surface pore size of the porous membrane of each example 
or comparative example, an image taken by a scanning 
electron microscope P JSM-840", manufactured by JEOL, 
Ltd.) was analyzed by an image analyzer PIP-1000PC", 
manufactured by Asahi Kasei Corporation) such that the 
diameters of pores in a field of vision were calculated 
as circle equivalent diameters in terms of area and their 
mean was recorded as the average surface pore size. 
Therefore, a correlation is not necessarily established 
between the average pore size and average surface pore 
size of each porous membrane. The thickness of each 
membrane was measured by a micrometer (manufactured by 
MITUTOYO CORPORATION) . Each porosity was measured by the 
weight method. Details of the individual porous membranes 
were as follows . 
[0034] [First layer] 



Material : Polyethersulf one 
Thickness: 130 ± 5 fim 
Porosity: 82 ± 3% 

Coated reagent system: GOD, POD and 4- 
aminoantipyrine, N-ethyl-N- (2-hydroxy-3-sulf opropyl ) -m- 
toluidine (TOOS) , "Triton X-100" 
[0035] [Second layer] 

Material : Polyethersulf one 

Thickness: 100 ± 5 tim 

Porosity: 84 ± 3% 

Coated reagent: "Triton X-100" 

[0036] 
[Table 3] 



Table 3 



First layer 


Average 
pore size 
( Mm) 


Average surface pore size iiim) 


Ratio of 
large pore 
size/small 
pore size 


Open surface 
(small pore- 
size surface) 


Substrate-side 
surface 
(large pore- 
size surface) 


Comparative Example 1 
Anisotropic membrane 


1.0 


0.2 


2.0 


8.9 


Example 1 

Anisotropic membrane 


3.1 


0.2 


2.4 


10. 6 


Example 2 

Anisotropic membrane 


5.0 


0.2 


4 .7 


21.5 


Example 3 

Anisotropic membrane 


10.0 


0.3 


5.5 


21.1 


Comparative Example 2 
Anisotropic membrane 


15.0 


0.3 


6.3 


20.4 


Comparative Example 3 
Isotropic membrane 


1.0 


0.8 


1.0 


1.2 


Comparative Example 4 
Isotropic membrane 


2.6 


2.4 


2.5 


1.1 


Comparative Example 5 
Isotropic membrane 


5.0 


4.6 


4.8 


1.0 
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[0037] 
[Table 4] 



Table 4 



becona j.ayei: 


Average 
pore size 
( ^m) 


Average surface pore size { nm) 


Ratio of 
large pore 
size/ sma 1 1 
pore size 


Open surface 
(small pore- 
size surface) 


Substrate-side 
surface 
(large pore- 
size surface) 


Comparative Example 6 
Anisotropic membrane 


0.05 


0.1 


0.2 


3.6 


Example 4 

Anisotropic membrane 


0. 10 


0.1 


0.3 


2.4 


Example 5 

Anisotropic membrane 


0.5 


0.2 


1.4 


7.8 


Example 6 

Anisotropic membrane 


1.0 


0.2 


2.0 


8.9 


Example 7 

Anisotropic membrane 


2.0 


0.2 


1.9 


8.5 


Comparative Example 7 
Anisotropic membrane 


3.1 


0.2 


2.4 


10.6 


Comparative Example 8 
Anisotropic membrane 


5.0 


0.2 


4.7 


21.5 


Comparative Example 9 
Isotropic membrane 


0.22 


0.5 


0.6 


1.2 


Comparative Example 10 
Isotropic membrane 


0.45 


1.0 


1.3 


1.3 



[0038] (Test 1) Using the porous membranes of the first 



layers of the examples and comparative examples, the 
following experiment was conducted. Each porous membrane 
to be evaluated was fixed on a sample holder of a 
spectrophotometer ("UV-2400 (PC) S", manufactured by 
SHIMADZU CORPORATION) to permit the measurement of a 
reflection absorbance at the surface of the membrane. 
Human blood (5 /i L) was added to the surface, which was 
opposite to the measurement surface, by a micropipette 
(manufactured by Eppendorf Co., Ltd.), and changes in 
reflection absorbance on the opposite surface were 
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measured with time. With respect to each anisotropic 
membrane, the addition of the blood was conducted in two 
ways, one being to the surface of greater pore size, and 
the other to the surface of smaller pore size. The period 
from a time point at which the rate of a change per 
second in reflectance exceeded 1% of the final change 
until a time point at which the rate of a change per 
second in reflectance fell short of 1% of the final 
change was used as a soak-through time (At) . Measurement 
conditions were as described below. The results are shown 
in Table 5. 

[0039] Measurement conditions (changes with time) 
Measurement value: reflectance 
Wavelength: 610 nm 
Slit width: 2 . 0 nm 
Timing mode: auto 
Measurement time: 90 sec 
Sampling pitch: 0.1 sec 
Cell number: 1 
Data number: 901 
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[0040] 
[Table 5] 
Table 5 



First layer 


Test 1 Soak-through time At 


Test 2 


Added from the 
large pore-size 
surface (sec) 


Added from 
the small 
pore-size 
surface (sec) 


of reagent 
system (mg/cm 2 ) 


Comparative Example 1 
Anisotropic membrane 


8.3 


5.7 


1.1 


Example 1 

Anisotropic membrane 


2.6 


4 . 6 


1.0 


Example 2 

Anisotropic membrane 


1.8 


3.5 


1.0 


Example 3 

Anisotropic membrane 


1.4 


3.1 


0.9 


Comparative Example 2 
Anisotropic membrane 


0.8 


2.6 


0.7 


Comparative Example 3 
Isotropic membrane 


10.9 




2.2 


Comparative Example 4 
Isotropic membrane 


4.4 




1.5 


Comparative Example 5 
Isotropic membrane 


2.9 




0.6 



[0041] (Test 2) With respect to the porous membrane of 



the first layer of each of the examples and comparative 
examples, the carried amount of the reagent system was 
measured as will be described below. The weight of the 
porous membrane was precisely measured before the coating 
of the reagent system thereon, and was subtracted from 
the weight of the porous membrane after the coating to 
calculate the carried amount of the reagent system. The 
results are shown in Table 5. 

[0042] (Test 3) Using the porous membranes of the second 
layers of the examples and comparative examples, the 



following experiment was conducted. Each porous membrane 
to be evaluated was fixed on a sample holder of a 
spectrophotometer ("UV-2 4 00 (PC) S", manufactured by 
SHIMADZU CORPORATION) to permit the measurement of a 
reflection absorbance at the surface of the membrane. 
Human blood (5 \x L) was added to the surface, which was 
opposite to the measurement surface, by a micropipette 
(manufactured by Eppendorf Co., Ltd.). A soak-through 
time (At) was measured as in Test 1, and a reflective 
absorption spectrum of reflection absorbance on the 
opposite surface was also measured. Measurement 
conditions for the soak-through time (At) were the same 
as in Test 1. Compared with a spectrum measured when 
plasma was added, it was determined whether or not the 
measurement was affected by hemoglobin. With respect to 
each anisotropic membrane, the addition of the blood was 
conducted in two ways, one being to the surface of 
greater pore size, and the other to the surface of 
smaller pore size. The results are shown in Table 6. 
[0043] Measurement conditions (reflective absorption 
spectrum) 

Measurement value: reflectance 

Wavelength range (nm) : 700 (start) 500 (end) 

Scanning speed: medium 
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Slit width: 2 . 0 nm 
Sampling pitch: 1.0 nm 



[0044] 
[Table 6] 
Table 6 





Test 3 


Second layer 


Soak-through time At 


Effect of 1 


Hemoglobin 


Added from the 
large pore-size 
surface (sec) 


Added from the 
small pore-size 
surface (sec) 


Large pore- 
size surface 


Small pore- 
size surface 


Comparative Example 6 
Anisotropic membrane 


10.2 


37.7 


Not affected 


Not affected 


Example 4 

Anisotropic membrane 


7.2 


35.2 


Not affected 


Not affected 


Example 5 

Anisotropic membrane 


6.8 


15. 9 


Not affected 


Not affected 


Example 6 

Anisotropic membrane 


5.7 


8.3 


Affected 


Not affected 


Example 7 

Anisotropic membrane 


5.2 


5.4 


Affected 


Not affected 


Comparative Example 7 
Anisotropic membrane 


4.6 


2.6 


Affected 


Not affected 


Comparative Example 8 
Anisotropic membrane 


3.5 


1.8 


Affected 


Affected 


Comparative Example 9 
Isotropic membrane 


8.7 




Affected 




Comparative Example 10 
Isotropic membrane 


8.1 




Affected 





[0045] (Test 4) The following experiment was conducted 
to stack the porous membranes as the first layers with 
their corresponding porous membranes as the second layers. 
Each combination of porous membranes as the first layer 
and second layer was fixed on a sample holder of a 
spectrophotometer ("UV-24 00 ( PC) S" , manufactured by 
SHIMADZU CORPORATION) such that the porous membranes were 
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stacked one over the other to keep them in close contact 
with each other* Human blood (5 //L) was added to the 
inlet side by a micropipette (manufactured by Eppendorf 
Co., Ltd.), and on the opposite surface, changes with 
time in reflection absorbance and a reflective absorption 
spectrum were measured. 

[0046] At that time, the porous membrane as the first 
layer and the porous membrane as the second layer were 
fixed on the blood-adding side and the measuring side, 
respectively. Concerning the directions in which the 
respective porous membranes were fixed, the experiment 
was conducted in such a way that except for the isotropic 
membranes, the first layer was fixed with its large pore- 
size surface being placed as the blood-adding side and 
the second layer was fixed with its large pore-size 
surface being placed as the measuring side. The period 
from a time point at which the rate of a change per 
second in reflectance exceeded 1% of the final change 
until a time point at which the rate of a change per 
second in reflectance fell short of 1% of the final 
change was used as a soak-through time (At) . 
[0047] Compared with a spectrum measured when plasma was 
added, it was determined whether or not the measurement 
was affected by hemoglobin. Respective measurement 
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conditions were the same as in Test 1 and Test 3. The 
results of those measurements are shown in Table 7. 
[0048] 
[Table 7] 
Table 7 







Test 4 




First layer 


Second layer 


Soak- 
through 
time At 
(sec) 


Effect of hemoglobin 


Comparative 
Example 11 


Comparative Example 1 


Comparative Example 6 


15. J 


NOL al J-CLLcU 


Comparative 


Comparative Example 1 


Example 4 


1 c o 

iJ. J 


L\(J L a l l cL Leu 


Comparative 
Example 13 


Example 1 


Comparative Example 6 


11.9 


Not affected 


Example 8 


Example 1 


Example 4 


9.1 


Not affected 


Example 9 


Example 1 


Example 7 


7.4 


Not affected 


Example 10 


Example 2 


Example 5 


7.7 


Not affected 


Example 11 


Example 2 


Example 6 


6.5 


Not affected 


Example 12 


Example 3 


Example 4 


8.6 


Not affected 


Example 13 


Example 3 


Example 7 


6.2 


Not affected 


Comparative 
Example 14 


Example 3 


Comparative Example 7 


6.0 


Affected 


Comparative 
Example 15 


Comparative Example 3 


Comparative Example 9 


18.1 


Not affected 


Comparative 
Example 16 


Comparative Example 5 


Comparative Example 10 


9.8 


Affected 



[0049] 

[EFFECTS OF THE INVENTION] The test strip according to 

the present invention is fast in the spreading rate of a 

specimen and can shorten the time required for spreading, 
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and upon colorimetric measurement, assures a sufficient 
carried amount of a reagent system, can eliminate effects 
of suspended matter, and permits a measurement with 
higher accuracy. Described specifically, the present 
invention can provide a test strip for the measurement of 
a specific component in a specimen, which can 
significantly shorten the time required for the spreading 
of the specimen and is very high in the accuracy of 
measurement . 

[0050] In particular, the present invention is effective 
as a blood sugar test strip for measuring sugar in blood. 
It is high in the spreading rate of blood and can shorten 
the time required for its spreading, and upon measurement 
of the blood sugar level, assures a sufficient carried 
amount of a reagent system of an enzyme preparation, a 
color developer and the like, can eliminate effects of 
suspended matter such as red blood cells, and can perform 
the measurement with higher accuracy. 
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